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Abstract
Background
The case fatality ratio (CFR) of Ebola virus disease (EVD) can vary over time and space for
reasons that are not fully understood. This makes it difficult to define the baseline CFRs
needed to evaluate treatments in the absence of randomized controls. Here, we investigate
whether viremia in EVD patients may be used to evaluate baseline EVD CFRs.
Methods and Findings
We analyzed the laboratory and epidemiological records of patients with EVD confirmed by
reverse transcription PCR hospitalized in the Conakry area, Guinea, between 1 March 2014
and 28 February 2015. We used viremia and other variables to model the CFR. Data for
699 EVD patients were analyzed. In the week following symptom onset, mean viremia
remained stable, and the CFR increased with viremia, V, from 21% (95% CI 16%–27%)
for low viremia (V < 104.4 copies/ml) to 53% (95% CI 44%–61%) for intermediate viremia
(104.4 V < 105.2 copies/ml) and 81% (95% CI 75%–87%) for high viremia (V 105.2
copies/ml). Compared to adults (15–44 y old [y.o.]), the CFR was larger in young children
(0–4 y.o.) (odds ratio [OR]: 2.44; 95% CI 1.02–5.86) and older adults (45 y.o.) (OR: 2.84;
PLOSMedicine | DOI:10.1371/journal.pmed.1001908 December 1, 2015 1 / 14
OPEN ACCESS
Citation: Faye O, Andronico A, Faye O, Salje H,
Boëlle P-Y, Magassouba N, et al. (2015) Use of
Viremia to Evaluate the Baseline Case Fatality Ratio
of Ebola Virus Disease and Inform Treatment
Studies: A Retrospective Cohort Study. PLoS Med 12
(12): e1001908. doi:10.1371/journal.pmed.1001908
Academic Editor: Lorenz von Seidlein, Mahidol-
Oxford Tropical Medicine Research Unit, THAILAND
Received: June 8, 2015
Accepted: October 19, 2015
Published: December 1, 2015
Copyright: © 2015 Faye et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.
Data Availability Statement: To protect patient
privacy, personally identifiable information has been
aggregated and is available in the Supporting
Information.
Funding: This study has received funding from the
French Government's Investissement d'Avenir
program, Laboratoire d'Excellence "Integrative
Biology of Emerging Infectious Diseases" (grant n
°ANR-10-LABX-62-IBEID), the NIGMS MIDAS
initiative, the AXA Research Fund and the European
Union Seventh Framework Programme (FP7/2007-
2013) under Grant Agreement number 278433-
95% CI 1.81–4.46) but lower in children (5–14 y.o.) (OR: 0.46; 95% CI 0.24–0.86). An order
of magnitude increase in mean viremia in cases after July 2014 compared to those before
coincided with a 14% increase in the CFR. Our findings come from a large hospital-based
study in Conakry and may not be generalizable to settings with different case profiles, such
as with individuals who never sought care.
Conclusions
Viremia in EVD patients was a strong predictor of death that partly explained variations in
CFR in the study population. This study provides baseline CFRs by viremia group, which
allow appropriate adjustment when estimating efficacy in treatment studies. In randomized
controlled trials, stratifying analysis on viremia groups could reduce sample size require-
ments by 25%. We hypothesize that monitoring the viremia of hospitalized patients may
inform the ability of surveillance systems to detect EVD patients from the different severity
strata.
Introduction
An epidemic of Ebola virus disease (EVD) of unprecedented magnitude has been ongoing in
West Africa since December 2013 [1]. As of 23 September 2015, 28,295 confirmed, probable,
and suspected EVD cases and 11,295 deaths have been reported to the World Health Organiza-
tion [2].
Currently, most treatments used in Ebola treatment centers (ETCs) rely on supportive
care, but several experimental therapies are being assessed for EVD following promising in
vitro and limited in vivo findings [3–5]. The magnitude of the humanitarian and health crisis
and high case fatality ratio (CFR) have led to debate on optimal methodologies for evaluating
potential treatments [6–11]. While randomized controlled trials (RCTs) generally provide
the most solid evidence on efficacy [6–9], randomization to active treatment or placebo has
been considered unethical by some when any preclinical or clinical data suggest a treatment
effect [10,11]. In the absence of a concurrent randomly allocated control group, Sissoko et al.
[4] and Adebamowo et al. [10] recommended comparing the CFR in treated patients to the
baseline CFR of patients who did not receive the treatment, with the baseline value being esti-
mated from historical data collected during the current epidemic or during past EVD
outbreaks.
Of course, an important limitation of using historical controls is that, in the absence of ran-
domization, the CFR in the treatment group could differ from the baseline CFR for reasons
independent of treatment. Indeed, the CFR of Ebola has varied historically, over time and
space [1,12,13]. Factors that might drive these variations include patient care, the ability of sur-
veillance systems to detect EVD patients from the different severity strata, time to hospitaliza-
tion, and strain pathogenicity. Whatever the underlying causes, these variations make it
difficult to define baseline CFRs and properly adjust for differences between the study popula-
tion and historical controls. Irrespective of the study design, there are also important concerns
about the statistical power of any treatment study, since recruitment of cases may become diffi-
cult in the declining epidemic.
Here, we investigate the relationship between patients’ viremia (viral load) and their proba-
bility of death, and we assess how this relationship may be used to explain temporal trends in
reported CFRs and inform different treatment study designs.
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Methods
We analyzed the laboratory results of a large number of EVD patients from Conakry and sur-
rounding prefectures (Fig 1). These patients were tested by the laboratory run by the Institut
Pasteur de Dakar (IPD) and the Laboratoire des Fièvres Hémorragiques de Guinée (LFHP) in
Conakry.
Ethical Considerations
We did not seek institutional review board approval for data collection in this study because
data were collected as part of routine case management under an emergency response mandate
from the government of Guinea. As part of routine practice, patients orally agreed to be tested
for Ebola virus infection.
Laboratory Work
In the IPD-LFHP laboratory in Conakry, diagnosis of EVD was performed using real-time
RT-PCR [14,15]. The algorithm for testing is as follows. A blood sample is collected from all
suspected EVD patients, and an RT-PCR test is performed systematically. If the test is positive,
the case is confirmed. Otherwise, the decision tree for subsequent testing depends on the time
d from symptom onset to sample collection: (i) if 3 d 10 d, the negative result is definitive;
(ii) if d 2 d, a second sample is collected 3 d after the first sample, and a new RT-PCR test
performed, with the results of this second test being final; (iii) if d> 10 d, cases are confirmed
using a serological test [14,15]. In this paper, analyses were restricted to cases confirmed by
RT-PCR for whom viremia was available. Viremia was derived from the Ct value obtained for
Fig 1. The Ebola virus disease epidemic in the Conakry area, Guinea, March 2014 to February 2015. (A) Map of the study area, which consists of
Conakry and the surrounding prefectures of Boffa, Coyah, Dubreka, Forecariah, Fria, Kindia, and Telimele (for which diagnoses were mostly performed by
the IPD-LFHP laboratory) (the administrative boundaries were taken from the GADM database; http://www.gadm.org/). (B) Number of cases by month of
symptom onset. The total number of probable and confirmed cases in the study area that were hospitalized is indicated in grey. The number of those that
were diagnosed by reverse transcription PCR (RT-PCR) by the IPD-LFHP laboratory is in blue.
doi:10.1371/journal.pmed.1001908.g001
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each sample tested. We had access to the laboratory dataset, where all the laboratory results
were recorded, as available on 3 March 2015.
Epidemiological Data
The epidemiological line list has already been described in detail elsewhere [1]. In short, a stan-
dard case investigation form was used to collect clinical and demographic data for all con-
firmed, probable, and suspected EVD cases identified through contact tracing and clinical care
in Guinea. The following variables were used for our analyses: age, gender, EVD status (con-
firmed/probable/suspected), prefecture of residence, date of symptom onset, outcome (dead/
discharged alive), hospitalization status (hospitalized/not hospitalized), date of hospitalization
(if any), date of death (if any), and date of sample collection.
Inclusion in the Study
Our analysis was restricted to EVD patients from the epidemiological line list who (i) had EVD
confirmed by an RT-PCR test performed by the IPD-LFHP laboratory in Conakry, (ii) resided
in Conakry or in the surrounding prefectures of Boffa, Coyah, Dubreka, Forecariah, Fria, Kin-
dia, or Telimele (in which diagnoses were mostly performed by the IPD-LFHP laboratory), (iii)
had symptom onset between 1 March 2014 and 28 February 2015, and (iv) were hospitalized.
Patients were excluded from the analysis if (i) sample collection was done after the day of death
or more than 30 d after symptom onset or (ii) one of the following variables was missing or
unclear: age, prefecture of residence, date of symptom onset, outcome, date of hospitalization,
date of death if died, or date of sample collection. In a sensitivity analysis, we explored the
robustness of our findings when different eligibility criteria were used (see Section 4 of S1
Appendix).
Statistical Analysis
We calculated mean viremia (as measured on a log10 scale) as a function of age, gender, and
time from symptom onset to sample collection.
We modeled outcome (dead/discharged alive) as a function of viremia V in those diagnosed
within 1 wk of symptom onset. A univariable logistic regression model with polynomial terms
in log10 V up to degree 5 was used, with best fit selection according to the Akaike information
criterion. We also discretized V into three groups (low: V< v1, intermediate: v1 V< v2 and
high: V v2) and selected the best threshold values v1 and v2 (v1< v2) at maximum likelihood
(see Section 2 of S1 Appendix for more details).
We then modeled outcome in all patients in a multivariable logistic regression that included
viremia (using the best polynomial term identified above) and the following other predictors of
death: age in four classes (young children: 0–4 y.o., children: 5–14 y.o., adults: 15–44 y.o., older
adults:45 y.o.) and time from symptom onset to sample collection in three classes (<4, 4–7,
>7 d).
Using this model, it was possible to investigate whether the observed temporal variations in
CFR could be explained by changes in the distribution of viremia over time. For each case, we
computed the probability of death according to viremia, patient age, and time from symptom
onset to sample collection. We then averaged these probabilities by month and compared these
with the observed monthly CFRs. We explored the consistency of our results when only a sub-
set of cases was used to inform the model. We estimated monthly CFRs using a model that was
trained on cases that were hospitalized between 1 March 2014 and 30 September 2014 only and
compared the results to when the whole dataset was used.
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Finally, as with all assays, the measurement of viremia (viral load) is not without uncer-
tainty. It has been estimated that the standard deviation of the assay is around 0.48 Ct [15]. To
explore the impact of assay uncertainty on our results, we randomly added measurement
uncertainty to each viremia measurement and recalculated the relationship between viremia
and probability of death over repeated simulations. Details of the simulation study can be
found in Section 6 of S1 Appendix. An aggregated dataset is available in S1 Dataset.
Use of Viremia in Treatment Studies
We compared the number of patients to include in an RCT for a new treatment against Ebola
depending on whether viremia was/was not used for stratification of the analysis. We used the
Cochran-Mantel-Haenszel test for the stratified analysis and the Chi-squared test for the
unstratified analysis. We computed sample sizes using the viremia-level groups identified in
this study, with their corresponding CFRs. Sample size formulas are reported in Section 7 of S1
Appendix.
Results
Between 1 March 2014 and 28 February 2015, a total of 1,209 confirmed and probable cases
were reported in the study area. Of the 885 (73%) confirmed and probable cases that were hos-
pitalized, 855 (97%) were confirmed, of which 787 (89%) were confirmed by RT-PCR by the
IPD-LFHP laboratory and had a viremia measurement available (Fig 2). Eighty-eight cases
were excluded from the analysis because of missing or unclear information (n = 71), sample
collection after death (n = 11), or long delays from symptom onset to sample collection/death
(n = 6) (Fig 2). Our final dataset therefore consisted of 699 cases. Their mean age was 31 y
(interquartile range [IQR] 20–42 y), and 47% (n = 332) were female (Table 1). Mean times
Fig 2. STROBE figure of patients included in this study.
doi:10.1371/journal.pmed.1001908.g002
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from symptom onset to hospitalization, sample collection, and death were 4.8 (IQR 2–6), 5.6
(IQR 3–7), and 9.3 (IQR 6.5–11.0) d, respectively (Table 1).
Fig 3A presents mean viremia as a function of time from symptom onset to sample collec-
tion. From day 0 to day 7 after symptom onset, mean viremia was roughly constant, with values
around 104.45 (95% CI 104.32–104.57), and it generally declined sharply among patients still alive
after day 7. Mean viremia was comparable in males and females (Fig 3B; p = 0.95). It was signif-
icantly higher in young children (104.84; 95% CI 104.27–105.40) than in other age groups (104.13;
95% CI 104.00–104.26; p = 0.02) (Fig 3C).
We restricted the univariable analysis of viremia and outcome to the 548 (78%) patients
whose samples were collected within 7 d of symptom onset, a time period when viremia
appeared to be stable (Fig 3A). Among these patients, there were a total of 261 deaths (48%).
The probability of death was best explained by a logistic regression model with (log10 V)
2 as a
single explanatory variable (see Section 3 of S1 Appendix). The odds ratio (OR) for a unit
increase in (log10 V)
2 was 1.12 (95% CI 1.10–1.14). This simple model provided an excellent fit
to the data (Fig 3D). The probability of death increased with viremia, from 21% (95% CI 16%–
27%; 51 deaths out of 243 individuals) in patients with low viremia (V< 104.4) to 53% (95% CI
44%–61%; 70 deaths out of 133 individuals) in those with intermediate viremia (104.4
V< 105.2) and 81% (95% CI 75%–87%; 140 deaths out of 172 individuals) in those with high
viremia (V 105.2) (Fig 3D). The proportion of patients in the low, intermediate, and high
viremia groups was 44% (95% CI 40%–49%; n = 243), 24% (95% CI 21%–28%; n = 133), and
31% (95% CI 28%–35%; n = 172), respectively. Our results were found to be robust to the level
of measurement error expected from the viral load assay (see Section 6 in S1 Appendix).
We performed a multivariable analysis incorporating (log10 V)
2, age, and time from symp-
tom onset to sample collection using data from all 699 EVD patients. We found that the OR
for a unit increase in (log10 V)
2 was unchanged (1.12; 95% CI 1.10–1.14). We also found that
late sample collection (>7 d) (OR: 3.04; 95% CI 1.78–5.20) was associated with a significantly
increased probability of death compared to those tested<4 d after symptom onset (Table 2).
Compared to adults, the probability of death was significantly higher in young children (OR:
2.44; 95% CI 1.02–5.86) and older adults (OR: 2.84; 95% CI 1.81–4.46) and significantly lower
in children (OR: 0.46; 95% CI 0.24–0.86) (Table 2), which is consistent with a previous study
[10]. This multivariable logistic regression model successfully explained variations in the prob-
ability of death by time from symptom onset to sample collection and by viremia group (Fig
3E).
In the study population, the CFR increased from 35% (95% CI 26%–45%) in March–July
2014 to 49% (95% CI 45%–53%) after August 2014 (Fig 4A) (p = 0.014). This rise coincided
with an order of magnitude increase in mean viremia (Fig 4B) and a surge in the proportion of
patients in the high viremia group (Fig 4C) (change in mean viremia in March–July versus
Table 1. Characteristics of patients included in the study.
Characteristic Value
Number of patients 699
Age (years), mean (IQR) 31.3 (20.0–42.0)
Female, n (proportion) 332 (0.47)
Dead, n (proportion) 332 (0.47)
Time from symptom onset to hospitalization (days), mean (IQR) 4.8 (2.0–6.0)
Time from symptom onset to sample collection (days), mean (IQR) 5.6 (3.0–7.0)
Time from symptom onset to death for those who died (days), mean (IQR) 9.3 (6.5–11.0)
doi:10.1371/journal.pmed.1001908.t001
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Fig 3. Viremia and the probability of death. (A) Mean viremia as a function of the time from symptom onset to sample collection. (B) Mean viremia by
gender. (C) Mean viremia by age group. (D) Probability of death as a function of viremia, when viremia was measured in the week following symptom onset.
Three viremia groups are defined: low (V < 104.4 copies/ml), intermediate (104.4 V < 105.2 copies/ml), and high (V 105.2 copies/ml) viremia. The probability
of death according to viremia group is represented as dotted line. The grey line corresponds to the predictions of the univariable logistic regression model. (E)
Probability of death (dot: observed mean; thick line: 95% CI) as a function of the time from symptom onset to sample collection and the viremia group. Mean
predicted values obtained with the multivariable logistic regression (triangle) and the bootstrap prediction intervals (thin lines) are also provided.
doi:10.1371/journal.pmed.1001908.g003
Table 2. Odds ratios for death in a multivariate logistic regression performed on all of the 699 cases included in the study.
Variable Estimated OR (95% CI) p-Value
(log10 viremia)
2 1.12 (1.10–1.14) <0.001
Time from symptom onset to sample collection
<4 d Reference —
4–7 d 1.52 (1.01–2.29) 0.043
>7 d 3.04 (1.78–5.20) <0.001
Age group
Young children (0–4 y) 2.44 (1.02–5.86) 0.046
Children (5–14 y) 0.46 (0.24–0.86) 0.016
Adults (15–44 y) Reference —
Older adults (45 y) 2.84 (1.81–4.46) <0.001
doi:10.1371/journal.pmed.1001908.t002
Viremia and the Case Fatality Ratio of Ebola
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after August, p< 0.01). Our multivariable logistic regression model performed well in predict-
ing individual outcomes (area under the curve [AUC] of 0.81; see Section 5 of S1 Appendix),
and it showed a similar trend in CFR (Fig 4A). A simpler univariable logistic regression model
that relied only on viremia showed similar performance (Fig 4A). Finally, a model informed
using data fromMarch to September 2014 only (29% of all the data) performed similarly to
one trained on the entire dataset (Section 5 of S1 Appendix).
As Ebola viremia is a strong predictor of mortality, comparing patient outcomes within the
same viremia category (stratified comparison) will be the most efficient for testing the efficacy
of a new treatment. With the mix of viremia levels across patients observed here (low: 44%,
intermediate: 24%, high: 31%) and corresponding CFRs, the total number of patients to include
in an RCT would be reduced by 25% with a stratified comparison relative to an unstratified
comparison (see Section 7 of S1 Appendix). For example, to detect a 20% reduction in CFR as a
treatment effect, an RCT would need 438 patients (or 68 for a 50% reduction), while a stratified
RCT would need only 324 patients (or 52 for a 50% reduction).
Discussion
Here, we analyzed a large dataset of laboratory results for 699 EVD patients in order to charac-
terize how the probability of death changed with viremia, while adjusting for age and time
between symptom onset and sample collection. We found that viremia was a strong predictor
of outcome for individual EVD patients, with the probability of death increasing from 21% in
those with low viremia to 81% in those with high viremia. This is important because it confirms
the significance of viremia as a predictor of EVD outcome suggested in small case series [16,17]
and it provides an important potential measure of risk adjustment in clinical evaluations of
Ebola-specific treatments. Important variations in the CFR of the study population (namely, a
14% increase from the first to the second epidemic wave) coincided with an order of magnitude
increase in mean viremia (Fig 4B). This general trend for increasing CFR was well captured by
a model that adjusted for viremia (Fig 4A).
This finding suggests that heterogeneity in historical CFR estimates among patients, ETCs,
and over time may at least partly be explained by variations in viremia and underscores that
more valid estimates of the influence of other factors, including treatment effects, might be
obtained by adjusting for differing levels of viremia among patients. This finding is particularly
important for observational studies that aim to assess the efficacy of treatments as it shows that
adjusting for viremia level should reduce confounding. We also provided CFRs for the different
viremia groups that could be used as baselines in historical comparisons. Although adjusting
for viremia may reduce biases due to an important confounder, it will not account for biases
due to other confounders, and the strength of evidence from nonrandomized treatment studies
will always be more limited than that obtained with an RCT design.
We showed that analyses stratified by viremia could lead to a 25% reduction in the sample
size requirements of RCTs. This calculation was performed under the simple assumption that
treatment would have the same impact in the different viremia groups. In practice, this may
not be the case, and it will be particularly interesting to assess how efficacy may vary with vire-
mia. It would be straightforward to calculate sample size requirements under other scenarios in
which treatment efficacy could be a function of viremia.
Fig 4. Variation of CFR and viremia over time. (A) Observed CFR by month (black) and predictions obtained frommultivariable logistic regression (orange)
and from the simple univariable logistic regression model that relies only on viremia (violet). Lines provide 95% CI. The shaded area indicates the bootstrap
prediction interval. (B) Mean viremia by month. (C) Proportion of patients in the low (red; V < 104.4 copies/ml), intermediate (green; 104.4 V < 105.2 copies/
ml), and high (blue; V 105.2 copies/ml) viremia groups by month.
doi:10.1371/journal.pmed.1001908.g004
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We presented estimates of CFR for EVD patients who were hospitalized in the region of
Conakry and who had an RT-PCR positive blood sample collected before their date of death.
This subset of EVD patients seems a natural candidate to become a historical control group in
the context of ongoing treatment studies. However, it should be clear that the CFR in this sub-
set of patients is different (and generally lower) than that of typical probable and confirmed
EVD cases. EVD cases that died before they reached the hospital or before a sample could be
collected or that were not hospitalized were indeed excluded from our study. To put our esti-
mates in the wider context of the ongoing epidemic, we provide estimates of CFRs for other
groups. From the line list, we estimate that the CFR for all probable and confirmed cases with
symptom onset between 26 December 2013 and 3 March 2015 in Guinea was 70% (95% CI
68%–72%), consistent with previously reported figures [1,12]. However, it was lower in the
Conakry area (64%; 95% CI 61%–67%) than in the rest of the country (74%; 95% CI 72%–
75%). In particular, the CFR for hospitalized cases was 51% (95% CI 48%–54%) in the Conakry
area compared to 64% (95% CI 61%–66%) elsewhere. Potential explanations for these differ-
ences include differences in patient characteristics, time to presentation, capacity for admission
to ETCs, severity of EVD in patients who reached ETCs, and/or the early aggressive supportive
care treatment approach in the Conakry area from the earliest part of the outbreak [18]. Differ-
ent eligibility criteria could have been applied to select the final set of patients to be included in
the study. In a sensitivity analysis presented in Section 4 of S1 Appendix, we show that the
results of our univariable and multivariable analyses were robust to this choice.
The increase in mean viremia and CFR in the study population in the months after July
2014 compared to those before is an interesting observation that requires careful consideration.
A number of mechanisms could explain this trend. A first possibility is that disease severity
increased during this epidemic. This could have occurred, for example, if the virus evolved to
become more virulent. However, such rapid adaptive evolution is not supported by the analysis
of the currently available genetic sequences from the outbreak [19,20], although functional
analyses would be required to definitely rule out this possibility. Further, it seems unlikely that
any increased virulence would be restricted to the Conakry area (where we observed an
increase in CFR) and not observed across the whole country (where CFR stayed stable). A sec-
ond more plausible scenario is that disease severity remained stable over time, but that the abil-
ity to detect and hospitalize patients with different levels of disease severity (probability of
death) changed. The surge in mean viremia could indicate increased difficulties in detecting
and hospitalizing patients with less severe EVD, for example because of resistance from local
populations to going to the ETC unless they have very severe illness. It could also be that later
in the outbreak, response teams were more successful at detecting severe cases before they died
or that the increased number of cases during the peak of the outbreak favored the detection of
severe cases. Keeping in mind that we considered only patients who provided a blood sample, a
last possibility is that the propensity to perform RT-PCR tests even in EVD patients who were
just about to die increased over time. However, in the Conakry area, testing was done systemat-
ically when cases arrived to the ETC. Although we cannot be definitive on the mechanism
explaining the observed rise in mean viremia, our analysis suggests that, if testing protocols
and the virus remain stable over time, monitoring viremia might inform the ability of surveil-
lance systems to detect different levels of disease severity and might be used to compare surveil-
lance systems.
This study has some limitations. Our analysis was conducted on a retrospective cohort
using data collected as part of routine case management, with no active follow-up of patients
who were discharged. We considered individuals discharged from hospital as having recovered;
however, it is possible that some died at a later date. This would result in increases in the CFRs
reported here, although any differences are likely to be minor. Further, we used data only on
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hospitalized cases. Our results may not be generalizable to community cases, as the distribution
of viremia may be different in these individuals, for example if they represent cases that died
before they could seek care or that had only minor symptoms. The route of infection, which is
unknown in our cases, may be linked with differential mortality risk [21]. If such differences
exist and are not accompanied by changes in viremia, this could bias our results.
In summary, in a very large and consecutive sample of patients with confirmed EVD, we
have shown that viremia is a strong predictor of death that may in part explain previously
observed heterogeneity in CFR estimates. Viremia may also provide an important mechanism
for risk adjustment among patients in studies aiming to estimate associations of treatment with
outcome, and a mechanism to stratify patients into different risk groups within clinical trials.
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Editors' Summary
Background
During the current outbreak of Ebola virus disease (EVD) in West Africa, which started in
December 2013, there have been more than 28,000 confirmed, probable, and suspected
cases of EVD and more than 11,000 deaths from the disease. Ebola virus is transmitted to
people from wild animals and spreads in human populations through direct contact with
the bodily fluids (including blood, saliva, and urine) or organs of infected people or
through contact with bedding and other materials contaminated with bodily fluids. The
symptoms of EVD, which start 2–21 days after infection, include fever, headache, vomit-
ing, diarrhea, and internal and external bleeding. Infected individuals are not infectious
until they develop symptoms but remain infectious as long as their bodily fluids contain
virus. There is no proven treatment or vaccine for EVD, although several treatments are
now being assessed in people following promising laboratory studies. Supportive care—
given under strict isolation conditions to prevent the spread of the disease to other patients
or to healthcare workers—improves survival.
WhyWas This Study Done?
Ideally, the efficacy of a potential treatment for any disease is assessed in a randomized
controlled trial, a study that compares outcomes among people chosen at random to
receive the treatment with outcomes among people given a placebo (dummy treatment).
However, because EVD is frequently fatal, randomized controlled trials of potential treat-
ments are considered unethical. Instead, studies evaluating treatments for EVD usually
compare the case fatality ratio (CFR; the number of deaths caused by a disease divided by
the number of cases of that disease; a CFR of 100% indicates that everyone who develops
the disease dies) among treated patients with a baseline CFR estimated from historical
data. But the CFR of EVD varies markedly over time and space for poorly understood rea-
sons (for example, changes in patient care or variations in the detection of people with dis-
ease of different severity might change the CFR). Thus, the CFR in the treatment group
could differ from the baseline CFR for reasons that are independent of the treatment. To
find a way around this problem, in this retrospective cohort study, the researchers investi-
gate whether there is a relationship between viremia (the amount of virus in the blood)
and the CFR among patients with EVD.
What Did the Researchers Do and Find?
The researchers used laboratory and epidemiological data (for example, patient age and
date of symptom onset and death; epidemiology is the study of disease patterns in popula-
tions) to investigate the relationship between viremia and CFR among 699 patients with
confirmed EVD hospitalized in the Conakry area of Guinea between March 2014 and Feb-
ruary 2015. In the week following symptom onset, mean (average) viremia remained sta-
ble, and the CFR among the patients increased with the level of viremia. Thus, the CFRs
for patients with low, intermediate, and high viremia (defined by the number of virus cop-
ies per milliliter of blood) were 21%, 53%, and 81%, respectively. Compared to adults aged
15–44 years, young children (aged less than five years) and older adults had a higher CFR,
but children aged 5–14 years had a lower CFR. Notably, the CFR in the study population
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was 14% higher after July 2014 than in the months of March–July 2014, an increase that
coincided with a ten-fold increase in the average level of viremia in the population.
What Do These Findings Mean?
These findings suggest that viremia is a strong predictor of death that can partly explain
variations in the CFR of EVD. Because these findings are based on data collected from hos-
pitalized patients, they may not be generalizable to other settings. Importantly, however,
these findings provide estimates of CFR by viremia group that can now be used to adjust
risk when undertaking clinical evaluations of EVD-specific treatments. That is, by allowing
for differing levels of viremia, it will be possible to assess the efficacy of treatments for
EVD more accurately in nonrandomized clinical trials. Moreover, the researchers calculate
that stratification of patients by viremia group could reduce the sample size needed in any
randomized trials that are undertaken (for example, comparisons of two potential treat-
ments) by 25%. Finally, the researchers suggest that monitoring viremia among patients
hospitalized for EVD might provide information about the ability of different surveillance
systems to detect patients with different levels of disease severity (probability of death).
Additional Information
This list of resources contains links that can be accessed when viewing the PDF on a device
or via the online version of the article at http://dx.doi.org/10.1371/journal.pmed.1001908.
• TheWorld Health Organization (WHO) provides information about EVD, information
about potential EVD therapies, and regular updates on the current EVD epidemic; a
summary of the discussion of a WHO Ethics Working Group Meeting on the ethical
issues related trials of EVD treatments is available; the WHO website also provides
information about efforts to control Ebola in the field and personal stories from people
who have survived EVD
• The UK National Health Service Choices website provides detailed information on EVD
• The US Centers for Disease Control and Prevention also provides information about
http://www.cdc.gov/vhf/ebola/EVD
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